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Abstract 
The paper is focused on the use of dynamic models describing well known situation presented on the graph. Our study is based 
on observation of students during the teaching physics at secondary schools.  Our findings show that this combined approach of 
teaching awake a deeper interest.  This approach can substitute the lack of mathematical apparatus needed to solve the studied 
problems. Moreover, the student's independent analytical and logical thinking is strengthened especially by detection of physical 
fundaments of processes and phenomena that students know from everyday life.  
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1. Introduction 
The use of digital technologies contributes to increase pupils’ and students’ motivation in physics education at all 
levels of school education. Motivation of students is necessary especially in technical fields, where the number of 
candidates is rapidly decreasing. However, lack of interest often comes from misapprehension of natural phenomena 
and processes. Moreover, the students are not equipped with a sufficient mathematical apparatus and their 
knowledge is not sufficient for understanding the issue. Dynamic modeling offers us a link to pedagogical, didactic 
and technological resources in physics education. During the teaching physics we try to motivate our students to the 
technical and natural science knowledge by all available means and appropriate teaching methods. We use visual 
aids, situations from everyday life or a variety of modern technology. Unfortunately, there are topics in which it is 
very difficult to properly motivate students. For example, students have major problems apply of skills of working 
with graphs. Therefore, it is important to pay attention to acquisition of skills with graphs and thoroughly practice 
this skill in the frame of FEP SGE (Framework Education Programme for Secondary General Education (Grammar 
Schools)) in Czech Republic. 
2. Working with graphs 
There are several parts in FEP SGE devoted to working with graphs. There are mentions of graphs found in the 
core competencies and further in educational fields of Mathematics and Its Application, and Man and Nature. 
Communication Competency, by which students are equipped at schools, includes also the following points 
shown on FEP SGE (2012): 
• With respect to the situation and participants in the communication effectively employs available means of 
communication, both verbal and non-verbal, including expressing information of various types 
symbolically and graphically; 
• Uses specialized language as well as symbolic and graphic expressions of information of various types with 
comprehension; 
• Employs modern information technologies effectively. 
From these points the skills of working with graphs could be acquired at a good level by students. However, the 
reality supported by our previous experience is different. Displaying of functional dependencies is learned by 
students primarily in the educational field Mathematics and Its Application. The Expected Outcomes are or the 
pupils shall: 
• Interpret numerical, algebraic and functional relations geometrically, illustrate solutions to equations, 
inequalities and their systems graphically (Number and Variable) 
• Represent data sets graphically, read and interpret tables, diagrams and graphs, recognize differences 
between the representations of similar sets on the basis of their diverse properties (Working with data, 
Combinatorial analysis, Probability) 
• Graph the required functions (given by a simple functional specification) and determine their properties 
(Dependence and functional relations) 
• Formulate and justify the properties of the functions and sequences studied (Dependence and functional 
relations) 
• Employ his/her knowledge of functions when solving equations and inequalities and when determining 
quantitative relations (Dependence and functional relations) 
• Apply the relations between the values of exponential, logarithmic and goniometric functions and the 
relations between these functions (Dependence and functional relations) 
• Model the dependencies of real events by means of known functions (Dependence and functional relations) 
• Solve application exercises by using knowledge of functions and sequences (Dependence and functional
relations) 
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• Interpret compound interest in terms of function and apply exponential functions and geometric sequences 
in financial mathematics (Dependence and functional relations) 
The obtained mathematical apparatus should be sufficient for students in the field of applications in the 
educational area of “Man and Nature” (chapter of FEP SGE), or in practical life. On the basis of observation of 
students during the exploration in Physics and Mathematics at schools and on the basis of subsequent analysis of 
their work it was found that students at schools will not master the mathematical knowledge on satisfactory level, 
mainly due to insufficient clarity of the given issue. They lack mathematical knowledge on applications field and 
they are not able to understand the context of some physical phenomena and processes. This is where their lack of 
interest in further studies of technical subjects may arise from. 
3. Methodology of the pedagogical survey 
3.1. Basic and research sample 
The basic sample consisted of pupils from seventh and ninth grades of elementary schools in Brno and Jihlava in 
Czech Republic, made up of 95 pupils in total, from which 43 were boys and 52 were girls. More detailed 
information about the research sample is provided in Table 1. 
Table 1. The research sample
Grade Girls Boys Altogether 
7th 24 16 40 
9th 28 27 55 
Altogether 52 43 95 
3.2. Research method 
The employed research method was testing. The research tool was a didactic test containing inter-disciplinary 
tasks from everyday life to determine the achieved level of the following skills: reading of graphs learned in the 
course of mandatory school attendance. The test contained 2 examples with multiple-choice answers and 2 questions 
with brief open answers. The tasks were selected to make sure that pupils in the seventh and ninth grades were able 
to handle them. Tasks 1, 3 and 4 were focused on the movement of things, their distance and speed. Task 2 focused 
on the supplied temperature heat. 
3.3. Objectives of the survey 
The objective of the pedagogical survey was to determine whether pupils learn the skills of working with graphs 
during the school attendances. We chose pupils in the seventh and ninth grades to determine whether the skills are 
affected by mental maturity of the pupils. The 7th and 9th grades were selected also due to the content of the didactic 
test as the topic is a part of the curriculums in those years. 
3.3.1. Research questions 
• Do pupils at the elementary school learn the skills of graph reading during their school attendance?
• Are the skills of graph reading better developed in older pupils? 
• Are boys more proficient in graph reading than girls? 
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Table 2. The results of educational research - successful solution of pupils
Task Girls 7th grade 
Girls 




9th grade Boys 
Girls + Boys 
7th grade 
Girls + Boys 
9th grade 
1. 50,00% 96,43% 75,00% 62,50% 85,19% 76,74% 55,00% 90,91% 
2. 25,00% 17,86% 21,15% 12,50% 12,50% 9,30% 20,00% 12,73% 
3. 86,11% 94,05% 90,38% 62,50% 90,12% 79,84% 76,67% 92,12% 
4. 45,83% 46,43% 46,15% 46,88% 59,26% 54,65% 46,25% 52,73% 
58,17% 55,14% 49,48% 62,12% 
55,80% 
Diagram 1. Success in task 1 
Diagram 3. Success in task 3 
Diagram 2. Success in task 2 
Diagram 4. Success in task 4 
3.3.2. Hypotheses 
• H1: Pupils at elementary school do not possess the skills of graph reading at a sufficient level. 
• H2: Mental age of the pupils affects the skills of graph reading and therefore pupils in the 9th grade possess 
better skills than pupils in the 7th grade. 
• H3: Boys possess much better skills of reading graph than girls. Boys have better logical thinking than 
girls.  
3.3.3. Problems during the test solving 
We diagnosed the some problems in the selection of questions. The first two items were closed questions, with 
three options to choose from; the next two items were questions semi-closed, with several sub-questions. Lack of 
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attention among the pupils demonstrated itself in the fact that some pupils selected the correct answer also for the 
semi-closed answers instead of answering (they circled the sub-questions).  
Another problem was identified with units. Each graph was different, both in terms of physical variables and 
units. Pupils not only assigned incorrect units to the physical quantities but they sometimes invented other units, 
regardless of the graph or they did not provide any units at all. 
3.3.4. Results 
Item 1 (Movement): The task was formulated in a manner that mere skills of diagram reading were not sufficient. 
Pupils had to be familiar with the term of uniform motion. A semi-closed question was rated with one point in case 
of the correct answer. Seventh grade boys have a better graph reading ability than the same aged girls but in 
comparison with them is there no further remarkable improvement visible from 7th to 9th grade (Diagram 1) and girls 
in 9th grade answer better than boys. In general, the results were not significantly different. 
Item 2 (Heat and temperature): This task was significantly more difficult than the other ones in the didactic test. 
The correct answer was rated with one point. Table 2 shows that its results were substantially worse than for the 
other examples. The results were unsatisfactory probably due to the fact that the diagram contained more than one 
curve. Surprisingly, the results in the seventh grade were better than those in the ninth grade, despite that fact that 
the first assumption was opposite. This might be caused by the fact, that the relationship between heat and 
temperature is much harder understandable, than the objects´ trajectory issues. 
Item 3 (Movement): A complete answer was rated with three points. The example was not too difficult and this 
was reflected in the results (see the Table 2). In general the results were relatively satisfactory. Pupils´ results with 
this item are quite stable for girls opposite to boys (Diagram 3) with worse graph reading ability in 7th grade. 
Item 4 (Movement): A complete answer was rated with two points. In this example the pupils often confused 
units and physical quantities. In terms of difficulty, this example was similar to item 3; however, the results did not 
correspond to it. The growth of obtained ability was visible rather at the boy´s group.  
3.4. Summary of the results and discussion 
The pedagogical survey has confirmed that pupils do not acquire sufficient skills of diagram reading during the 
school attendance. According to the teachers who were involved in the pedagogical survey, work with graphs is 
often neglected at school.  
• H1: The first hypothesis has been confirmed: 
Pupils encounter graphs only rarely at elementary schools and the results achieved by them in the test 
reflect that. The overall success rate in the test was approximately 50%. 
• H2: The second hypothesis has been partly confirmed: 
The mental age of the children is important. Older pupils are able to put their knowledge into context better 
and therefore their results are better. However this is valid when the graphs represent the motion.  
• H3: The third hypothesis has been disconfirmed. 
Differences between girls and boys are in no way substantial and therefore we can conclude that the skills 
of graph reading are not affected by gender. 
From the above results it is clear that it is necessary to use some new tool in teaching to achieve better graph 
reading ability.  
Pupils are "computer-connected" constantly but for obtaining the theoretical knowledge in the field of technical 
sciences, they don’t have the needed mathematical apparatus for understanding the elemental physical phenomena. 
On the basis of observation during the teaching of physics and mathematics in schools it was discovered that the 
students are not able to sufficiently work with the graphs. Even if, they can be informed e.g. via graphs about the 
physical laws in the nature, they don’t have enough knowledge about that. 
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4. Dynamic modeling 
Dynamic modeling is the modeling of processes and phenomena over the time interval. In dynamic modeling, 
new values are calculated as a function of variables changing over the time interval. It helps to replace the lack of 
knowledge of mathematical apparatus, especially its output, the graphs. 
The simplest is the Euler method, which resembles a rectangular method of integral count solving. This is a one-
step method, where the next step can be calculated from the previous one. By changing one variable in elementary 
steps, we obtain values suitable for imputing to a graph, where the relationship between the independent and the 
dependent variable is clearly seen. The elementary step is chosen as small as possible so that the examined variable 
at the given moment is considered to be constant. See more in Dynamic modeling in PHP - Sládek, Válek (2011). 
4.1. Application of dynamic modeling in PHP in teaching 
Our goal is to apply to teaching a supportive motivational tool, dynamic modeling in PHP (PHP: Hypertext 
Preprocessor is used to create a dynamic website, shown on PHP.net (2010) “PHP is a widely-used general-purpose 
scripting language that is especially suited for Web development and can be embedded into HTML.”), and illustrate 
to the individual the use of theoretically acquired knowledge in everyday life. Dynamic modeling offers us a link 
between pedagogical, didactic and technological resources in physical and technical education. Specific models 
allow students to understand the practical results of research, which they are not able to independently calculate or 
graphically describe. Through graphs, they can be informed about the physical laws in the nature, but they currently 
don’t have enough knowledge. 
Dynamic modeling can be included in all phases of the lesson. 
5. Presentation on an interactive whiteboard 
The use of an interactive whiteboard is the most suitable method how to present dynamic models describing well 
known situation. We can present video clips, graphs, equations or experiments from remote laboratory. See more in 
Remote laboratory – new possibility for school experiments - Sládek, Pawera, Válek (2011). 
We always try to choose examples of modeled processes in a way, so that students know them from everyday 
life. Or we choose those, which the student is familiar with from his own experience. Then it is possible to discuss 
with students what happens when one of the parameters is changed. As we mentioned above, we usually choose for 
modeling such values, where the change occurs over the time interval. 
5.1. Motivation 
Motivation is a strong impulse for the student and his learning position and it affects his attitude towards the 
subject. Motivation strengthens the interaction between the teacher and his student. 
For example, we choose the skydivers jump from a balloon. We remind to students what happens during the 
jump of a parachute on a video clip projected on the whiteboard. 
5.2. Exposure 
By this phase of the lesson we deliver the students new knowledge and we create the basis of skills and habits. It 
is necessary to choose a suitable teaching method, because during the exposure phase the teacher is more active and 
we need to deepen the student's interest in the discussed subjects. It is important to emphasize the cross-curricular 
connections. 
In our example we ask a few questions: what is the shape of the curve describing the height with time when 
skydivers jump from a balloon? What physical quantity can affect the curve, and in what manner? Now we present 
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students graph describing the situation (Fig. 1). In the next step the whiteboard enable us to present in a new window 
(Fig. 2b) the equations describing forces in each stage of the parachutist´s movement. 
5.3. Fixation 
In the third phase, we strengthen the acquired knowledge, skills, habits and attitudes. The fixation phase serves 
the teacher as a feedback, if the student has mastered the subject and if he understands the issue. It is suitable to 
choose examples from everyday life. 
In our example we redraw the graph with new values of the mass, active area of the parachute or drag coefficient. 
With variation of the parameters we can discuss their role on the movement.  
5.4. Diagnosis 
The diagnosis teaching phase is for the teacher an essential part of the lesson. It serves as a continuous feedback 
of the student's work. There are different types (continuous, group, testing, ...) and forms of diagnosis (oral, written, 
graphic, ...) 
The whiteboard bring the possibility to test more profound the student’s knowledge. The main advantage is to use 
the graphs, eg.: 
• Determine from the graph, when the body accelerates.  
• Determine from the graph when the body was still and for how long. 
Figure 1. Jump of the skydiver – from a balloon - Height of the skydiver above the ground 
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Figure 2. Jump of the skydiver – from a balloon - Height of the skydiver above the ground with interactive tool 
a) The basic graph  b) The interactive popup window with further possibilities to change the parameters 
5.5. Diagnosis 
The diagnosis teaching phase is for the teacher an essential part of the lesson. It serves as a continuous feedback 
of the student's work. There are different types (continuous, group, testing ...) and forms of diagnosis (oral, written, 
graphic ...) 
The whiteboard bring the possibility to test more profound the student’s knowledge. The main advantage is to use 
the graphs, eg.: 
• Determine from the graph, when the body accelerates.  
• Determine from the graph when the body was still and for how long. 
5.6. Application 
The experience and the observations suggest that students are able to accept using even more complex 
relationships, which have not known yet. They can look them up on the whiteboard with the help of the teacher. 
Used relationships correspond with their awareness of the real situation. 
6. Conclusion 
The paper is focused on the use of dynamic models describing well known situation presented on the graph at an 
interactive whiteboard. Our study is based on observation of students during the teaching physics at secondary 
schools.  On the basis of observation during the teaching of physics and mathematics in schools it was discovered 
that the students are not able to sufficiently work with the graphs. Even if, they can be informed e.g. via graphs 
about the physical laws in the nature, they don’t have enough knowledge about that. Moreover, the graph reading 
ability is worse when the task is not connected to the situation describing a motion. The graph reading ability is not 
depending on the gender.  
To improve this situation we tested some approaches using dynamic modeling in teaching physics. The graphical 
output of dynamic modeling was presented on the interactive whiteboard. Our finding shows that this combined 
approach of teaching awakes a deeper interest. This approach can substitute the lack of mathematical apparatus 
needed to solve the studied problems. Moreover, the student's independent analytical and logical thinking is 
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strengthened especially by detection of physical fundaments of processes and phenomena that students know from 
everyday life. 
We consider dynamic modeling as an effective tool for understanding the functioning of real-world phenomena. 
Tasks created in the frame of this work are especially focused on removing typical students’ mistakes during the 
work with graphs. Motivational models appropriate for teaching the kinematics and dynamics are placed on the 
public accessible web site http://www.ped.muni.cz/modely. 
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